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Figure 2-2 General N,V,W Coordinates
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Figure 2-4
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Fixed Time of Arrival (FTA)

Nominal Trajectory

Arrival

Actual _._f Time(T)
Trajectory

Correction Time (t)

Variable Time of Arrival (VTA),

Velocity Relative to Target Constraint

f /AB.T_ TJXg (t)_ -D2-1(AB.R)_XVo / T+A

Nominal _ Arrival

Time

(T + AT)

Correction Time (t)

Variable Time of Arrival (VTA)

Minimize _tV Constraint

= -D lAB-R|

g(t) 2 _AM /T+AT

AM Selected to Minimize AV Required

Xg = Guidance Correction

D 2 = Matrix of Sensitivities Relating Constraints

at (T) to Velocity Changes at (t).

Figure 2-5 Guidance Laws
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Estimated Trajectory

Actual Trajectory
_(t)

Nominal Trajectory

x(t) Deviation of State from Nominal

_(t) Estimate of State Deviation

_(t) Error in Estimate of Deviation

x(t)

X(t)

Actual X(t)
Nominal

\

\
\

\

Coordinate
Frame

Figure 2-6 State Deviations
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SET UP

a TRAJECTORY

TYPES OF MEASUREMENT

o TYPE OF GUIDANCE

MEASUREMENT SCHEDULE
o ERROR DATA

GOTOL

I. STEP ALONG CONIC SECTION TO

EVENT TIMES

2. COMPUTE TRANSISTION MATRICES

@ fin; In-I)

(T; In)

MATSUB

PROPAGATE COVARIANCE MATRICES

ALONG CONIC TO PRESENT TIME

STATE DEVIATIONS

PAR (tn) = (_ (In; tn_]) PAR (tn_l)O T

ERROR IN ESTIMATE

P (tn) = O(tn; In. I) P (tn_l)(_T

EARTR

MAKE MEASUREMENT FOR EARTH-

BASED TRACKING

1. TEST FOR VEHICLE IN VIEW OF
STATION

2. COMPUTE H VECTOR FOR DESIGNATED

MEASUREMENTS

3. CALLCORRTP TO MODtFYCOVARIAi",ICE

MATRIX FOR OBSERVATION

..... t7
MAKE MEASUREMENTS FOR

ONBOARD INSTRUMENTS

I. COMPUTE H VECTOR FOR DESIGNATED

I_'PES OF MEASUREMENTS

2. CALL O_

.

GUID

MAKE GUIDANCE CORRECTIONS FOR

DESIGNA'rED GUIDANCE LAW

Ii TEST TO DETERMINE IF ITS A CORRECTION

TIME

LEAVE [ CONTINUE

2i COMPUTE CORRECTION ERROR

COVARIANCE MAIRIX E(qqt)

3. MAKE GUIDANCECORRECnON

PARne w = P + E (qqt)

OUTPUT

I. OUTPUT NAVIGATION DATA

2. PROPAGATE COVARIANCF MATRICES

TO THE END POINT

PAR (T) =(_ (T; _n) PAR (tn)OT

P(T) = (_ (T; in) P(tn)_t

3. TRANSFORM MATRICES AT END

POINT INTO CONSTRAINTS

4. OUTPUT END POINT GUIDANCE AND

NAVIGATION DATA

I CORRTR

MODIFY COVARIANCE MATRIX FOR

INCLUSION OF MEASUREMENT

ASSUMING A KALMAN FILTER IS USED
ON DATA

Pnew = P'pHt (HPHt + Q)-I HP

p = COVARIAi',,ICE MATRIX OF ERROR

IN ESTIMATE OF THE STATE

PAR = COVARIANCE MATRIX OF STATE

DEVIATIONS FROM THE NOMINAL

H = GRADIENT OF MEASUREMENT WiTH

RESPFCT TO THE VEHICLE STATE

Q : MEASUREMENT NOISE

Figure 3-2 Flow Diagram for Conic Error Propagation Program
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OA DIRECTION TO OA /
OF LOS

g

Figure 4-3 Relationship Between the Direction of the LOS to a Body and the h Vectors

Associated with the Measurements Used to Determine the Direction of the LOS
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Figure 4-4 Problem of Determining the Two-Dimenslonal Position

in the Trajectory Plane
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TABLE 4-1

t
GRADIENTS OF _S_S

Range

Range. Rate

L,T-gL Angles

Subtended

Angle

Sextant

(1_

lil ( I ! x l) ;o.

I 2 Tan a iT0)" 'Ill

7

.I

,-4

(Along R ; O)

(.or_l E ; Along E )

(l_ormal _ ; 0 )

(Along _ ; o)

(.or_l_ ; o)

t

Derived in Appendix B
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TABLE 4- 2

NOMINAL TRAJECTORY

CELESTIAL BODY SELECTION

Time

0-80 Days

0-I Day

40-80 Days

90-235 Days

160-235 Days

Body

Earth

Moon

Sun

Mars

Earth

Measurement

Accuracy

10-5000 km

I0-i00 km

5000 km

4000-8 km

8000-6000 km

Comments

Primary Body

Normal to Earth's Direction

Normal to Earth's Direction

Primary Body

Normal to Mars Direction

TABLE 4-3

MINIMUM ENERGY TRAJECTORY

CELESTIAL BODY SELECTION

Time Body Measurement Comments

Accuracy

0-90 Days

0-90 Days

90-180 Days

90-180 Days

Earth

Mars

Mars

Earth

lO-3OOO

7000-3000 km

3000-8 km

3000-10000 km

Primary Body

Secondary Body

Primary Body

Secondary Body
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TABLE 5- I

DSIF TRACKING SCHEDULE

TIME TRACKING BEING USED (3 STATIONS)

0-2 Days

2-10 Days

10-230 Days

234 Day

(RngRate, Az,EI) Tracking when in view

None

Tracking when in view for a day every tenth day

Tracking when in view

TABLE 5-2

DSIF

TRACKING SYSTEM, ERROR DATA

TRACKER RNG. RATE AZ & EL DATA RATE TRACKING

Goldstone

Womera

Johannesburg

0.2 M/Sec

0.2 M/Sec

0.2 M/Sec

o.2 153 RAP

0.2103 RAD

0.2 153 RAD

i OBS./MIN

I OBS./MIN

I OBS./MIN

Above Horizon

Above Horizon

Above Horizon
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TI_*

200-230 Days

230-233 Days

233-234 Days

234-234D14 h

234D14h.234D18 h

234D18h-234D20 h

234D20h-234 D

TABLE 5-3

SYSTEM II SCHEDULE

INTERVAL

OF OBS.

1 Day

6 Hours

1 Hour

30 Minutes

15 Minutes

BODY

OBSERVER

Mars

Mars

Mars

Mars

None

Mars

None

Onboard

Observatlom

TOTAL NUMBER

OF OBS.

30

12

24

28

8

102

TABLE 5-4

SYSTEM II SCHEDULE

BODY INTERVAL TOTAL NUMBER
TIME* OBSERVER OF OBS. OF OBS.

200-230 Days

230-233

233-234

234-234D18 h

234DI0h.234D20h

234D20h-234D22 h

234D22h-235

Mars

Mars

Mars

Mars

None

Mars

None

1 Day

6 Hours

1 Hour

30 Minutes

15 Minutes

. ----"

Onboard

Observatiom

30

12

24

36

8

0-200 Days DSIF Schedule in Table 5-1 was used

II0
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TABLE 5-5

SYSTEM IV ONBOARD

SCHEDULE kITH SUN

TIME

0.3 h

3h_l D

1D.90 D

90 D. 180v

180D'230 D

230D-233 D

233D-234 D

234D-234D18 h

BODY

OBSERVED

Earth

Earth

Sun

Mars

Mars

Mars

Mars

Mars

INTERVAL

OF OBS.

TOTAL NUMBER

OF OBS.

15 Minutes

I Hour

5 Days

5 Days

i Day

6 Hours

I Hour

30 Minutes

12

21

18

18

5O

12

24

36

234D18 h- 234D2 Oh

234D20h.234D22 h

234D22h-235 D

i

, None

Mars

None

.4--

15 Minutes

.4.

8

b,

TOTAL 199
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SYSTEM

I

II

III

IV

-FIRST

2 Days

2 Days

2 Days

1 Day

TABLE 5-6

GUIDANCE

CORRECTION TIMES

CORRECTIONS

SECOND

231 Days

232 Days

232 Days

220 Days

12 Hr.

12 Hr.

THIRD

• 234 Days 18 Hr.

234 Days 20 Hr.

234 Days

FOURTH

234 Days 20 Hr.

TABLE 5-7

SYSTEM I

GUIDANCE PERFORMANCE

Error in

Estimte

Deviation

Aft. Corr.

AV Required

FIRST CORRECTION

(2 Days)

B'T

O" ¢''
B,R

10.74 M/Sec

SECOND CORRECTION(231 DaTs)

' " - I10.0 KM•, 81.1 KM a B.T

• _ - 113.3 KM
- 399.9 KM _ B'T

- 882. KM ° B'T " 28.1 KM

-1478. EM o - 119.0 KM
B'R

4.94 N/Sec

,5-53
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TABLE 5-8

SYSTEM 11

GUIDANCE PERFORMANCE

WDL-TR2629

INSTRUMENT
ACCURACY

(SECONDS)

5

10

20

3O

60

SIC0ND CORRECTION* (232D12 h)

DEVIATIONS
AV

E.T (DO B-R(DO (M/SEC)

21.9 26.4 7.91

THIRD CORRECTION (234D18 h)

DEVIATIONS

E.T(_)

2.23

S-g (KH)

2.38

AV

(H/SEC)

1.53

22.7 32.5

23.0 48.7

23.1 64.2

23.2 90.3

7.91

7.91

7.91

7.91

3.10

4.93

6.48

9.13

3.25

5.51

7.92

15.2

1.77

2.39

3.02

4.32

First correction data is the same as shown in Table 5-7

TABLE 5-9

TERMINAL NAVIGATION

DATA SYSTEMS II AND III

INSTRUMENT

ACCURACY

(sEco m)

10

SYSTEM

II
III

II
III

II
III

ERROR IN ESTIMATE

AT LAST MANEUVER
TIME

2.40

2.04

%
DIFF.

15.0

3.88
21.6

3.04

20

II 9.94
3O

I11 7.48

II 17.5
60

III 13.3

7.01 24.8
5.27

24.7

24.0

ERROR IN ESTIMATE

AT RETRO TIME

2.04

1,85

2.83

2.54

4.48

3.73

6.18

4.78

10.9

7.79

%
DIFF.

9.3

10.2

16.7

22.6

28.5
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TABLE 5-10

SYSTEM III

GUIDANCE PERFORMANCE

INSTURMENT

ACCURACY

(SECONDS)

5

10

20

30

60

SECOND CORRECTION (232D12 h)

SAME AS TA ;LE 4-7

THIRD CORRECTION (234D20 h)

DEVIATIONS

S-T (_)

1.87

2.45

3.86

5.17

7.95

E-R (_)

1.75

2.39

3.98

5.79

10.9

AV

(M/SEC)

2.28

2.63

3.56

4.51

6.46

TABLE5-11

SYSTEM III

SPECIAL CASE PERFORMANCE

SP_IAL ERROR IN ESTIMATE AT TIME END POINT DEVIATIONS
cAss ox, LAST MZDCOUESEreNEWER

B.T (KM) B.R (KM) E.T (KM) E-R (KM)

2.45 2.39Nominal

Trajectory

Minimum

Energy

Trajectory

Covariance

Matrix

Perturbed

2.2 2.1

1.9 1.9

6.8 2.1

2.29

6.12

2.23

2.46
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TABLE 5-12

SYSTEM IV

GUIDANCE PERFORMANCE

WDL-TP.2629

INSTRUMENT
ACCURACY

(SECONDS)

2.5

5

10

30

60

L

iFIRST CORRIETIOII (1 DAY) SECOND CORRECTION (220 D)

DEV IATI ONS DEVIAITONS

E-T (m_)'

9500

10000

10300

11250

12050

s._ (m_)

1732

1920

2390

4590

7880

AV

(MIsec)

10.57

10.57

10.56

10.54

10.51

E.T (zM)

166

191

269

668

1300

s.a (m_)

104

116

153

349

670

AV

(M/SEC)

7.74

7.8'8

8.18

9.35

11.0

INSTRU_N1

ACCORACY

(SECONDS)

2.5

5

I0

30

60

THIRD CORRECTION (234 D) FOURTH CORRECTION (234D20 h)

DEVIATIONS
_,T DEVIATIONS(_) S-t_ (m_)

7.5

8.8

12.8

32.4

63.5

AV

(MIsec)

5.9

6.5

8.6

20.3

39.5

•2.24

2.56

3.53

8.61

16.7

S-T (m_)

2.36

3.72

6.54

18.2

36.1

B.R (_)

1.27

1.50

2.01

5.59

10.9

AV

(M/SEC)

.62

.68

.92

2.21

4.29

5-56

PHILCO. WDL DIVISION



WDL-TR2629

TABLE 5-13

SYSTEM IV ONBOARD

SCHEDULE FOR

MINI_gJM ENERGY

TRAJECTORY

TIME

0.1 h

i h. 1D

1D.30 D

30D.160 D

160D.175 D

175D.178 D

178D.179 D

179D.179D18 h

179D18h.179D20 h

,:_-!79D20h-179D22 h

179D22h.180D

BODY
OBSERVED

Earth

Earth

Earth

Earth and Mars

Mars

Mars

Mars

Mars

None

Mars

None

TABLE 5-14

SYSTEM IV ONBOARD

SCHEDULE WITH MOON

INTERVAL

OF OBS.

15 Minutes

I Hour

I Day

5 Days

I Day

6 Hours

I Hour

30 Minutes

15 Minutes

TOTAL NUMBER

OF OBS.

4

23

29

52

15

12

TOTAL

24

36

8

203

PHILCO.
,__. ,>T_j_,,,-_,,,,_,_

0.6 h

6 h. 1D

90-235 D

Earth

Moon

None

Same as Above

(4-11A)

5-57

15 Minutes

30 Minutes

TOTAL

24

42

148
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TABLE 5-15

GUIDANCE REQUIREMENTS

Correction

Injection Velocity
Deviation

ist Correction

2nd Correction

3rd Correction

4th Correction

30-Mlnute

Park Orbit

17.90 m/sec

RMS AV Required

10.56 m/sec

8.18 m/sec

3.53 m/sec

.92 m/sec

85-Minute

Park Orbit

32.10 m/sac

RIMS _V Required

19.69 m/sac

7.21 m/sec

3.45 m/sec

.92 m/sec
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Guidance
Law

#I

Nominal

TraJectmry
FTA

VTA

#2

Subtended

Angle
Added

ETA

VTA

#3

Mtntmm

Energy
TraJeceery

_A

TABLE 5-16

iGUIDANCE DATA FOR FTA AND VTA GUIDANCE IAWS

Devlatlens at: End

'" vn (S'T)
_TA (M_ml ceV )

7.12

V'rA(B._)
VrA (AlongV)

(_)

270.

6.54 RMS=6.79 2.01

5.10

2.87 Ewe=3:53

74.3

2:06

6.30

4.07 P,MS=4.93

I

199.

2.79

Total

Av
Required

(m/set)

56.8

23.2

61.3

23,2

64.5

25.9

Time
Devtat ion

(Minutes)

.62

38.6

.17

38_-6

.49

81.5
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Earth Orbit
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Figure 6-2 Mars-Venus-Earth Trajectory, 360 Days
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_n = 17.3 Kin, _v = 17.3 Kin, _w = 17.3 Kin,

= 17 3 m/sec, cr. - 17.3 m/sec, _. = 17.3 m/sec
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Figure 6-4 Injection Covariance Matrix of State Deviations from Nominal
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Schedule:
Table 6-6
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Figure 6-12A Mars-Venus Trajectory
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TABLE 6-1

SYSTEM III SCHEDULE

Observation * Number of
Time Body Interval OBS

d
0-2

2d.lO d

10d.60 d

60-200

200-290

295-296d12 h

296d12h.296d14 h

296d14h.296d16 h

296 d16h.296 dl8 h

Mars

None

Earth

I Hour

2 Hour Interval all

day every tenth day
None

Earth

Earth

None

Earth

None

3 Hour Interval all

day every tenth day
I Hour

I Hour

Onboard OBS

48

72

8O

36

2

238

*During Tracking Periods the DSlFTracklng Network was used Continuously.
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Time

0_6 h

6h_l d

Id_40 d

40d_242 d

242d-292 d

292d-295 d

295d.296 d

296d_296d12 h

296d12h_296d14h

296d14h_296d16h

296d16h_296d18h

TABLE 6-2

SYSTEM IV SCHEDULE

Body

Mars

Mars

Earth

Earth

Earth

Earth

Earth

Earth

None

Earth

None

OBS Interval

15 Minutes

1 Hour

2 Days

5 Days

I Day

6 Hours

i Hour

30 Minutes

15 Minutes

Total Number of OBS

Number Of

OBS

24

18

20

40

50

12

24

24

220

TABLE 6-3

GUIDANCE TIMES FOR SYSTEMS III & IV

Ist Correction 2nd Correction 3rd Correction

45 days 250 days 295d18 h

4th Correction

296d14 h

6-19
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TABLE 6-4

SYSTEM III GUIDANCE DATA

DSIF & 10-Second Theodolite

Correct ion

_V (m/sec)

Ist

AV=52.8

2rid

&V=9.49

3rd

AV=8.78

4th

_V=1.36

Coord.

ALT

DR

CK

ALT

DR

CR

ALT

DR

CR

ALT

DR

CR

Error in

Estimate

(kin)

385

412

254

160

141

137

5.72

31.8

3.68

1.84"

25.0

1.20

Devlat ion

Aft. Corr.

(kin)

24300

25600

14400

434

672

290

lO.l

34.7

6.76

2.09

25.0

1.28

TOTAL AV=72.43

DSIF Only

Correction

AV(m/sec)

Ist

AV=52.8

2nd

AV= 9.49

3rd

AV=8.89

4th

AV=I.38

Error in

Estimate

(ks)

475

497

343

176

155

151

6.15

32.2

3.92

1.96

25.1

1.27

TOTAL AV=72.56

Deviation

Aft. Corr

(kin)

24300

25600

14400

441

675

297

10.5

35.1

6.95

2.17

25.2

1.37

6-20
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TABLE 6-5

SYSTJ_I IV GUIDANCE PERFORMANCE WITH MOON OBSERVATIONS IN SCHEDULE

Schedule

Est.
Table 6-2

Dev •

ESt.
Moon Obs.
Added

Dev.

*Corridor Coordinate

ALT* DR

(_) (_)

5.76

6.80

3.65

3.79

383

383

22.7

22.8

CR AT

(kin) (mi.)

2.91
.42

3.86

.12

2.58

2.66

_V

(m/sec),,.

110.34

90.66

6-21
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TABLE 6-6

VENUS TRACKING SCHEDULE

Mars -Venus

Time Interval Number Body

0-I I Hour 24 Mars

1-75 2 Days 37 Sun

75-150 2 Days 37 Venus

150-198 1 Day 48 Venus

198-200 1 Hour 48 Venus

TOTAL 194

Venus-Earth

0-i 1 Hour 24 Venus

1-110 5 Days 22 Sun

110-158 1 Day 48 Earth

158-160 1 Hour 48 Earth

TOTAL 142

6-22
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TABLE 6-I0

GUIDANCE PERFORMANCE FOR VARIOUS INJECTION COIg)ITIONS (FIe)

Case

Inltlal
Error

In Est.

Fig. 6-4

Fig. 6-4
Wlth BMS

V_,*3a/sec

Same as

Case 2

Initial
Deviat ion
State

Fig. 6-4

Fig.6-4

Fig.6-4
Wlth m4S

VgL=3a/sec

AVRequtrements (mlsec)

1st 2nd

50.68 12.98

50.68 12.92

22.93 9.89

3rd 4th

20.98 25.7

20.80 25.0

19.0 21.7

Perigee
Devtat ions

ALT 6.73

DR 380
CR 3.82

ALT 6.40
DR 350
CR 3.59

ALT 6.23
DR 361

CR 3.48

TABLE 6-11

COMPAR_ON OF AV REQUIRED ON OUTBOUNDAND RETURNTRAJECTORIES (FTA)

Trajectory

Outbound

Return

T
Injection

CovarlanceMatrix

Re(

Ist

utrements (m/set)

2nd 3rd 4th

13.23

8._

TOTAL

10.59

9.87

10.73 22.34 56.89

18.3 20.2 56.85

6-25
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Definitions:

_, _, _ - Reference Frame Triad

_- - Position Unit Vector

- Ascending Node Unit Vector

- Closest Approach Unit Vector

- Longitude of Ascending Node

i - Orbit Plane Inclination ,

- Argument of Perifocus ///
v - Vehicle True Anomaly

q - Radius of Closest Approach

a - Semi-Major Axis /

e - Orbital Eccentricity /

/
/

/

I

/ Unit Sphere Description

of Orbit Parameters

Eccentricity,. e =_

_-_ a

I
I Orbit Plane View of Conic

Parameters

Figure 7-1 Orbital Element Definitions
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(1) Injection Point (Closest Approach)

RA= 246. 967°

DEC = -25.628 °

(2) Earth

RA = 264.68 °

DEC ffi -23.039 e

(3) Sun
BA = 220.95 °

DEC = -23. 046 °

Sun

1950

To Earth

Figure 7-2 Orblt-Planetary Body Configuration at Park Orbit Injection
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Note:

Coordinate Frame

Defined at Park-Orbit

InJbction

tee-re

_- _e _./_

_- ;, oA

^

x

(Out of Paper)

R

Figure 7-3 Earth-Based Tracker Coordinate System
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Configuration I

fi._=I

fi._=o

fi._=o

fi._=o

Y

Orbit Plane

(Out of Paper)

Tracker Line

of Sight (R)

_ Orbit Plane

\
_b x:_

_^ ^[x•_intoPa_]
Y L5 out of Paper J

\

Figule 7-4 Initial O_blt Plane - DSIF Tracker Configurations
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Condition tMSP @3 d RhcISV @ 3 d ,

Occultation ]219 Km 1.755 X 10 -1 Km/Sec
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i

Measurement Accuracies
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Equinox 1950_

I I
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I
I

I I
I I

I i
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I

11
1 I
1 I

11

Figure 7-9 1950-Ecliptic Projections of the Positions of Earth and Mars

Du_:ing the 40 Days Spent in Martian Parking Orbit
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Figure 7-15 Uncertainties in Orbital Elements - DSIF - Nominal Park Orbit -

_ " 0 " 6 Degrees

7-15

IIPH I LCO.
._ _ ._.;,_l,_.l,..:g/,,,,,/,,,,, v,

WDL DIVISION



-104

_i03

_102

t

¢V

e_
O

O

0

I-,

>

I

0

<=_ (R•W) = 130 °
(Orbit Plane Normal to

Earth - Mars Plane

At Injection)
. --_ Position

• _ Velocity

X
X Lx

x

x x

Posil Orbit (Time)

90 180 270 90 180 270

i:i:

¸:::::::::7

..........,........

...............,...........
:::::::::::::
:::::::::::::
:::::::::::::
:::::::::::::
:::::::::::::
:::::::::::::
:::::::::::::
:;:::::::::::
:::::::::::::
:::::::::::::
:::::::::::::
:::::::::::::

:+:.:.:+:
:::}:::!:::::
i:i:i:!:!:!:!
:::::::::::::
:::::::::::::
_!_iCiiiiii
..,.,,..,
::::::::::::
:,:,:<::,
:i:i:i:i:i:!

...........,.,.,...,

.:,:.:+:<
i$!:i:i::::
::::::::::::
:::::::::::::

i::}}iiiC
ii!_!_!i!iiil

........,
ii:i!i_iii:i

!iiiT:_!i!iil

!i!iii!!!:!!i

::::::::::::..........
:,:,:,:,:.:,:

:.:,:+:+:
:::::::::::::
,..,........

:.:::.:..

:::::::::::::

7717:1:7i
iiii!i_!iii!
i: ""''"

+.,......,.
:::::::::.:::

90 180 270
4

WDL-TR2629

-101

I
e_

.2 _ioo

r.r.1 _

t-10"1

I

_i0-2

Figure 7-16 RMS _ncertalnties in Position and Velocity - DSIF -
(R • _) - 130 Degrees

7-16

PHILCO. WDL DIVISION



103-

102-

i0 I-

100

i0 -I.

WDL-TR2629

(Orbit Plane Normal to Earth-Mars Plane at Injection)

e------® "W" Component

.--. "V" Component

_t----_ "br' Component

II :(

• ® •

Position on Orbit (Time)

| , I ' I ' l l I ' ' w I '

90 180 270
0 1 2 3

Figure 7-17 RMS I itlon Components - DSIF -
(_ w1 = 130 Degrees

7-17

PHILCO. WDL DIVISION



101

0
lO

-I
10

-2
10

-3
10

10 -4

(Orbit Plane Normal to Earth -

Mars Plane At Injection)

O

n

q

/

Position On Orbit (Time)

WDL-TR2629

,_--_-- "N" Component

e__ e E "V" Component

o--o- "V_' Component

6

f

o

;.'*I
4

Figure 7-18 RMS Velocity Components - DSIF - _(_ • _) = 130 Degrees

7-18

II:)H I LCO. WDL DIVISION



.104 _

.103 -

.102 _

.01

o

°F=4

I

DSIF - Orbit (R,W) = -I

A e-EL - RR Measurements

o

o oO o
o o

o

°oO q

o 0

xx x
x x x

x

xxx

x

x

o

o

o

o

o
x

x

x

x

xX

Note

o-- o----_Velocity

_ _ ----_Position

o

o

o
o

o
o

0 0

0

0 o

O0 o

OOOOo

7.493X10 .3Km/Sec °°°°°ooa "

Jc

x

x

x

x x

x

xx x

x x

xx xx

1.018 X 101 Km xx
XXXXXN_zv

Time On Park Orbit (Note Scale)

WDL-TR2629

_I0° !

• I0

•"_-10-2

I

I0-3

Figure 7-19
A A

RMS Position and Velocity Uncertainties - I)SIF - Orbit (R • _) - -t

7-19

_a_-I i LCO. WDL DIVISION



\

I0-4

\
®

l

l @
l

/,q

t,.l

b_
.-e

I

r-4

DSIF

(AZ -E L-RR)
(i. e. R.W = -1)

0

/
0

WDL-TR2629

/° \
Q

O

/ \

_oo 7,'/

"1

°p,l

|

Note:

_--A-- a

e--O--q /e--®--e

/
Q

®

/

/
l io.

\.

/ /
\

10 - 5 10 - 1 69, 7 0, 7,1 712

Hours Since Injection onto Park Orbit

Figure 7-20 Unce_-talnties in Orbital Elements - DSIF - _ " _ = 180 Degrees

7-20

WDL DIVISIONj:)H I LCO.
....... _;-,/_ _./,.r%_ ,,,/,,, ,, ,/,



A

/
/

RoW = 180°

_,)I)L-TR2629

"zi..

Z
A/

/

+ -- + _ i

\

i' /%

• _ t_'_+_ '_+_+_+_+_+_

3

I

8

70 Time (Hours) 71

I I
72

I

Figure 7-21 Uncertainties in Orbital Elements -

7-21

_ • ._ = 180 Degrees

-_- FI I LCO.
............ /._ _',/_(/,./(,_.,.,/),.,v

WDL DIVISION



_104

WDL-TR2629

10 3 .

I

2
10""

t-
O

O

101_ _,_
e_

r-t

• I00_

gg

x
K

x x
x

x XK_

K

x

e •

,e

x

x

u

x

Special Orbit (R.W) = -1

(Range Rate Measurements Only)

x-- w --_- Position

.... Velocity

x

x

¢9

k
x I

xx
x

x
x ._

x x .,_
x x _

Xx _

x x "_

3.895 Km XXXxx
}¢'Xx x _

O

M

'-..

• !2. 963 x 10 .3 Km/Sec "°O.oo

Time on Orbit (Note Scale)

14h 1u

.i01

.1001

.i0 -I

_10 -2

10-':

Figure 7-22 RMS Position and Velocity Uncertainties - DSIF - _(k • W) " 180 Degrees

7-22

WDL DIVISION1=)1"41LCO.
• _ _ Cn .;._._ ./,./_, .,,,/,,,,,y.



104 7

I

i

2
I0 -

•101 -

.10 O_

10 6 -

10 5

O

0

0

e_

t_

I

I

Oh

{%./'\ \

x

:q "
f4

kx,x

o_
tm

_J

O_

'1

2h4 h

I_IF _)2 (R,W) = 180 °

Large Initial Covariance Matrix

(Diagonal. O-x,y, z = 100. 000 Kin,

o-k,_,,z = 10 Km/Sec

A

(R.W) =-1 Orbit

x

x

x

x

• x

x

x

x
x

x
x

K x

x

x x

Xxxxx x

6.67 Km xxxxxx x

5.28 x 10 -3 Km/Sec

Time on Orbit (Note Scale)

Id Id
1 2

.102

.101

o

:n

I

3

L_

0

>

0

t
,,-i

i
3 d

WDL-TR2629

.101

• 10 0

-10

-10

_- 10

Figure 7-23 RIdS Position and Velocity Unce,tainties, DSIF -

(_ • _) " 180 Degrees

7-23

_--1 ! LCO.
_,,. _,,;,,_ _._../(,_,.,,¢,,,,,_.

WDL DIVISION



WDL-TR2629

¢.)

O

r..)

0)

..=

LO

=
oO

600

,,Q

0 50O

a_

o

400

.,=_

=o 3o0
.,-4

0

"_ 200
N

0

100

I

(Orbit Plane Normal to Earth -

Mars Plane at Injection)

.5

.4

.3

.2

1

1
0 10 20 30 40 50 60 70 80 90

Declination, with Respect to Orbit Plane, of Earth -

Mars Line at Park-Orbit Injection _ Degrees

Legend:

-- Position

o- VelociW

0

t_

Q

0

o

0

=

8
_=_

g

Figure 7-24 RMS Position and Velocity Estimate Knowledge at 270 Degrees True

Anomaly on the Fourth Orbit vs. Earth-Mars Declination Angle

7-24

I_H I LCO.
.... 'Y'_"//_'_'/_'_"_'V,

WDL DIVISION



104

WDL-TR2629

3
10

l02

i01 -

0
i0

oo

0
@)

0

_Q

r_

0d

1
@

y,_ Position

o _ Velocity

It

I

i

/

/

Q

Time on Park-Orbit

! ! !2h h id 2d 3d

8

t_

0

_101

_10 0

_10 -1

_10 -2

.i0-3

Figure 7-25 RMS Position and Velocity Uncertainties - DSIF - Radar (Nominal Orbit)

7-25

_H I LCO. WDL DIVISION



WDL-TR2629

-i
I0

-2

10

It

,ir--_

10 -]

4.

ob

1.4

' i

=

r._
I

_10-

Time (Hours)

Figuce 7-26 Orbltal Element Uncertainties - DSIF-RadRr (Nominal O, bit)

7-26

PHILCO.
, _. C._7..._I_,,',./(/,.,,_,,V.

WDL DIVISION



10-5

_o

\

10-1

. ai _,%

t i

I
-6 17-2:

\
@

,o_

10-2

(4DL-TR2629

Note:

/ "o \
0

.f'_

/
k

-A--A--A"_ a

--@_ @.-----.@.---a- e

@

/
@

/

• l, _- "_,

&f

_J

69 70Time (Hrs.) 71 72
! I i

/
Q

/
O

//
//
/

Figure 7-27 Orbital Element Uncertainties, DSIF-Radar (Nominal Oh-bit)

7-27

I:_H I LCO.
WDL DIVISION

• _. _._,_,/¢,i.,,#_av ,



_+TDL-TR 2 6.2. 9

102-

101-

e_

lOo_ ._

0

0

lO-J _
,%

2

10-_.

y.\ ¢,,._

'_,

\
o

lo/d°'Q,,

o

\
@

[d
0

_----_ Position

o .--,,.. Velocity

\

if ,V
'1¢

I ii. It

o

\ o,O,o
o

Time (See Scale)
!

Id _d 3d21_4 h 1

t

.!

0

-10-I

-I0-2

-10-3

- 10-4

LO-5

Figu ,:e 7-28 RMS Position and Velocity Uncertainties, DSlF-Se×tant (Nominal Orbit)

7-28

PHILCO.
....... On.;./ I_,/,./(,_,,,/,,,,,_/.

WDL DIVISION



IqDL-TR2629

10 -8

10-6 .

Note:

(_----0--_ e

/'\
/ / /

/l'-"\ " / l

//
i

INk / \\
_lXt , z--, 4.
I0-=_[, 10-3 b_"4--_ ' i ! _ 7

"" v Time (Hours) 71K_ /

-3 10-4 69 ,, 70 71
72

i

Figure 7-29 l-Sigma Uncertainties in Orbital Elements, DSIF-Sextant (Nominal Orbit)

7-29

I_HI LCO.
..... _ -,-,¢#_.l../t',;,,_,,,v.

WDL DIVISION



10 -3

-4
10

-3
10

d
i

.=.

o_
¢_ .

m
i

Llo -4

-1
10 •

t/]

tm

I

g.,

tm

r_
I

-2
10

t

t

\
/

Note:

I

e-

_9

£

WDI,-TR2629

,.r.

Time (Hours)

69 70 71 72
I I I I

Figure 7-30 l-Sigma Uncertainties in Orbital Elements - DSIF-Se×tsnt (Nominal Orbit)

7-30

IbH I LCO.
. _. _ .7-,._ l[,,./,./(,',,,,I,,,,,¢i.

WDL DIVISION



10 -4

10 -5

\

\
\

"El

,lo-'_ io°_

\

I

_ b

u _

L Z

,10 -2, ,10 -1.

10 See Accuracy

Observations Taken at

10 Minute Intervals

\

Time (Hours)
70
I

WDL-TR2629

/

/
/

71
I

72
I

Figure 7-32 Uncertainties in Orbital Elements - Sextant (Nominal Orbit)

7-32

PH I LCO. WDL DIVISION



WDL=TR2629

10 -2

10-3

,,'fl

10-"

qD
¢J

!

10 -3

".,,,

I0-I

t_

.,..4

°_..q

¢J

._o

I

,...4

10-2.

/j
\/

tt It

O--O-- _0

+__÷ __i

• /
/
\

--4 4. 4" 4"--

69 70 TimerHrs._ 71 72
! / _ [ ! !

3

!

F-e

Figure 7-33 Uncertainties in Orbital Elements - Sextant (Nominal Orbit)

7-33

PHILCO. WDL DIVISION



NDL-TR2629

I

e=4

.F-I

m
O

o=

O

2

1.8

1.7

1.6

1.5

1.4

1.3

1.2

0
O2

Instrument Accuracies (la)

Range Rate - 4 x 10 -6 (Km/Sec) 2

Range - . 25 (Kin} 2

i i�tJl
V

O
Q

?

0

0

0

Time on Park-Orbit

h id d 3d

1.4

1.3

-1.2

-1.1

-I.0

-0.9

0.8

0.7

Figure 7-34 RMS Uncertainties in Estimated Position and Velocity -

Onboard Radar (Nominal Orbit)

7-34

PH I LCO.
-- ° _'_ _,_'/,'/("_',,_-, v

WDL DIVISION



_D
¢J

I

10-:

10-

WDL-TR2629

10 -1 t I I J

69 70 71 72

Time (Hours)

10 -1,

Figure 7-35 UnceL-tainties in Orbital Elements - Onboard Radar (Nominal Orbit)

7-35

PHILCO. WDL DIVISION



WDL-TR2629

101

fO _ 4

I

O

D

m
i

10

\

10

Notes:

e--e _ 02

+__ +____ i

Time (Hours)
70 71 72

/
/

f

Figure 7-36 Uncectalnties in Orbital Elements - Onboard Radar (Nominal Orbit)

7-36

PI-I I LCO. WDL DIVISION



I

_.°1.8

t
O

._ 1.7

O

o 1.6

Q

_ 1.5

P,
1.4,

i 1.3"

1.2

Measurement Accuracy (Io')
14.14 _ Instrument

o-=_Kk_ + 4.k_ Sin'_RR__) "

k2'I = I. 95 x I0 "I0 RAD 2 (I0 Se"_)

k_= I. 95 x 10-10 RAD 2 (I0 S_c)

R o = Radius Of Mars

R o = Radius Of Orbit

X --Position

• --Velocity

L,Vr -r'v V tJ

!

0d0 h

O
Time On Park - Orbit

| ! I !

2 h 4h i d 2d 3d

NDL-TR2629

O

i

O

1.4

0

UI

O

_ 1.2

P,
_ 1.1

_> 1.0

Figure 7-37
RHS Uncertainties In Position and Velocity - Subtended Angle (Planet Tracker)

7-37

PHILCO.
•_" _'_";f"('_)_v.

WDL DIVISION



101

r_
J

100

10-1
69

X N x

Note:
o_o_e

• --ira q,

w --x _a

A 14

X X x

WDL-TR2629

103

tO-4

70 71

=_

q3
U

rll

I

Time (Hrs.)

10-5
71.8

Figure 7-38 Uncertainties in Orbital Elements - Subtended Angle (Nominal Orbit)

7-38

PH I LCO.
WDL DIVISION



102

NDL-TR2629

__o

_0

i

101

i00

I0 -¸

69

4---+-- i

i

m u

÷ ,i ÷ 4

IL

&

÷

70 71
Time (Hrs.)

102

LO1

i00

71.8

b_

3

!

Figure 7-39 Uncertainties in Orbital Elements - Subtended Angle (Nominal Orbit)

7-39

PH I LCO. WDL DIVISION



WDL-TR2629

101

.101 -

•100 -

.10-1.

+
(D

0

m
o

0

h

>

xX

X x

X x

XKK W

wx x

o

0

0 0

0 o

OOO0

x -- Position

°--Velocity

1) Simultaneous Sextant Observations

Every Ten Minutes.

2) Continuous DSIF Tracking
(i. e.10BS/MIN.)

x

K

XXXXKXxx

G

X

x

x
x

x
K

0 L

0

0

0 o

O00000

0

0

0 0 0
0

0 0

_Time (See Scale)

o 2a 3'd

.i0o

i" I0-i

. I0-2

_Q

>

_ .10-3

-10"4

Figure 7-40 RMS Position and Velocity Uncertainties - Sextant-Subtense

7-40

PHI LCO. WDL DIVISION



10--'

10 -5

\

WDL-TR2029

10 -1
i v

69 70 71

Time (Hours)

!

72

Figure 7-41 Sextant-Subtended Angle (Nominal Orbit)

7-41

PHILCO. WDL DIVISION



WDL-TR2629

Note:

/
/

/ /

Time (Hours)

70 71 72
I I |

Figure 7-42 1-Sigma Uncertainties in Orbital Elements - Sextant-Subtended

Angle (Nominal Orbit)

PHILCO.

7-42

WDL DIVISION



wDL-TR2629

TABLE 7-1

NOMINAL ORBIT CHARACTERXSTICS :

ORBITAL PARAMETERS AND INJECTION CONDITIONS

1950 EQUATORIAL COORDINATES

ORBIT PARAMETERS IN3ECTION CONDITIONS

a " 4031.9357 Fun

q - 3951.7951 Km

£ - 30.353 293 Deg.

- 11.961 921 Des.

m . 238.863.65 Des.

V = 3.32886 Km/Sec.

R = 3951.7951 Km

RA = 246.967260 Deg.

DEC " 25.628 328 De8.

AZ - 106.84640 Deg.

NOTE : AN • " 0.019876480 WAS USED IN ALL ORBIT CALCULATIONS.

ECLIPTIC COORDINATES

(ORIENTATION AND INJECTION ANGULAR COND.)

i " 8.7469044 Des.

- 43.890325 De$.

w - 206.03184 Des.

RA = 249.65866 Des.

DEC = 3.826690 Deg.

AZ = 97.871276 De8.
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TABLE 7-2

DSIF SPECIAL STUDIES

^^
(_.w) - o

1950 EQUATORIAL COORDZNATES

ORBIT PARAMETERS INJECTION CONDITIONS

a = 4031.9398 I(H

• = .019 876 105

q " 3951.7957 I(14

i = 23.883 577 DEG.

= 10.850 653 DEG.

W " 255.150 570 DEG.

V " 3.378 KM/SEC.

R " 3951.7957 _M

LAT " 23.050614 DEG.

LON " 44.290 DEG.

AZ m 96.474 DEG.

ECLIPTIC COORDINATES

(ANGLE INFORMATION ONLY - ORIENTATION AND INJECTION CONDITZON8)

i " 4.371 324 DEG. LAT " 23.050 614 DEG.

= 89.567 477 DE(;. LON = 44.290 DEG.

" 175.889 73 DEG. AZ " 96.474 DEG.
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TABI_ 7-3

DSIF SPECIAL STUDIES

(a.W) = -I

1950 EQUATORIAL COORDINATES

OEBIT PARAMETm

a " 4031.934 8 Km

• - .019 876 105

q " 3951.7957 Km

i " 113.038 99 Deg.

" 354.680 39 Deg.

_0 " 83.525 798 De 8.

INJECTION COORDINATES

V = 3.328 Km/Sec.

R - 3951.7957 KM

LAT - 23.052 385 De 8.

LON " 44.289 783 Deg.

AZ " 83.681 210 Deg.

ECLIPTIC COORDINATES

(ANGLE INFOI_ATION ONLY - ORIENTATION AND INJECTION CONDITIONS)

i " 89.686 980 Des.

0 " 355.469 12 Deg.

w = 85.639 879 Deg.

LAT " 23.052 385 De8.

LON " 44.289 783 Des.

AZ - 4.110 2789 De8.
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TABLE 7-7

FAVT CXMPARISON

(Constant Observation Frequency)

¢

SYST_/

DSIF

SEXTANT

RADAR

TIME AND COMMENTS

RMS POSITION ACC

Continuous Tracking
Reaches a minie,_ of

approximately 10Km
secular or 3KmActual

1d 1_
Freq. of 1 obs/10 min.

RMS VELOCITY ACC

Continuous Tracking
Attains a secular error

of approximately 7 m/s

or actual error of approx-

imately 2 m/8.

0 d 20 h

Freq. of 1 obs/10 min.

Achieve nominal of

approximately 1600 Km.
C@unot reduce out-of-

plane error.
(Continuous mess. of Range

Secular of .875 K_/Sec.

cannot reduce out-of-

plane error.

and Range Rate 1 obs/min.)

SUBTENSE

DSIF-RAD6R Same obs schedule as above
NO IMPROVDfl_T OTER DSIF

SI_'TANT. SUBTi[NSst 1d 12 h 0 d 20 h

NO SIGNIFICANT DIFFERENCE FROM SEXTANT

DSIF- SEXTANT 0 d 7h 0 d 2h+

Secular & Actual Secular & Actual

Same aBRader Same as Radar

(i.e. For Instr. chosen, subtense and Radar Estimate
almost matches identically.)

J

NOTE: "Required" position ACC. - 1Ks
"Required" Velocity ACC. m 1 astor/sac.
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TABLE 7-11

GROUND-BASED COMPOUND SYSTEMS

(SIMULTANEOUS PROCESSING)

e

q

8

n

W

DSIF-
SEX.

4x10 -6 .

3.2xl0"t

-1

1.75x10. "2

3.5x10 "t

-1

1.5x10 "3.

8.75x10 "z

-3

9.5x10"3^

1.81x10 "z

-2

3
1.5x10"7,
2. lxlO'-

L

-2

2.5x10"_
2.5x10"-

-2

NOMINAL TRAJECTORY

2x10 "5

1.6x10 °

0

7x10 "2

1.4x10 °

0

2.5x10 "2

1.43x10 °

0

6x10 -1

1.14x10 °

0

8x10 "2

l.lxlO °

0

1.5x101

1.5x10 °

0

DSI_

1.25x10 "5

5xlO "2

1.75x10 "2

5.25x10" 1

7,25x10 "2

IxlO 1
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TABLE 7-12

ON-BOARD SYSTEM COMPARISONS

e

q

a

t'l

W

RADAR

2.5xi0 "4

2.5xlO °

0

7x10-1

1.75x10 °

0

9xlO_ I

6xlO t

1

3.25
3.25x102

2

1.5
3xlO 2

2

103 .

2x10 3

3

.omtaL z JzczoP. 

SUB.

3xlO "4

3xlO °

0

I
2.5x102

2

-1
3xlO.
2xlO L

0

1.75xI0_

1.75xi0 z

2

5xlO "I

102

2

2

4xlO °

0

SUB.

SEX.

10-4

IxlO °

0

3.5xi0 "I.

8.75xi0 -t

0

1.75x10 "2

1.16xlO °

0

10-2

I0o

0

-3
5xlO

I0o

0

5xlO "1

I0°

0

SEX.

10-4

4xlO -I

l.SxlO "2

10 -2

5xlO -3

5xlO "I

"4
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